INTRODUCTION
The molecular scanner offers a flexible and powerful visualization tool that can create a fully annotated 2D gel electrophoresis map. Proteins separated by 2D gel electrophoresis are simultaneously digested while undergoing electrotransfer from the gel to a membrane. The peptides are subjected to peptide mass fingerprint (PMF) analysis to identify proteins directly from the PVDF membranes by MALDI-TOF-MS scanning. An ensemble of dedicated tools is then used to create, analyze, and visualize a proteome as a multidimensional image. The molecular scanner method reduces to a minimum the sample handling prior to mass analysis and decreases the sample size to a few tens of micrometers, that is, the size of the MALDI-TOF-MS laser beam impact. The process can be divided into four parts: separation and digestion of proteins, acquisition of PMF data, processing of the MS data and protein identification, and creation of multidimensional proteome maps.
RELATED INFORMATION
A schematic of the molecular scanner is shown in Figure 1 . (1) An MS intensity image can be generated in a Melanie readable format that contains the identification data as database labels. (2) The user can search for a particular protein and visualize it as an intensity plot. The gray levels represent the number of masses identified that belong to the protein at each position. (3) The user can search for a set of predefined masses and generate an intensity image in which the gray levels represent the total intensity of the mass peaks found at each (x, y) position. This image can be smoothed if needed. 
View larger version (30K): [in this window] [in a new window]

MATERIALS
METHOD Preparation of IAV-Trypsin Membranes
1. Submerge a 10 x 12-cm 2 IAV membrane in phosphate-buffered trypsin. Incubate in a rotating hybridizer for 3 hours at room temperature.
2. Wash the membrane briefly three times with agitation in 10 ml of PBS-Tween.
3. Incubate the membrane in 10 ml of capping reagent for 3 hours at 4°C to block the remaining free carboxylic groups.
Repeat
Step 2.
5. Gently wash the membrane twice for 30 minutes each in 10 ml of PBS-Tween.
Membranes can be stored for 2-3 years at 4°C in TAC buffer.
Testing the Activity of the Immobilized Trypsin 6. Add 1 cm 2 of IAV-trypsin membrane to a mixture of: 2.6 ml of 460 mM Tris-HCl (pH 8.1) containing 11.5 mM CaCl 2 0.3 ml of 10 mM TAME 0.1 ml of 1 mM HCl 7. Stir the mixture for 40 seconds. Measure the absorbance of the solution at 247 nm with a UV-visible spectrophotometer. 
Protein Separation by Gel Electrophoresis
9. Separate the proteins by either 1D or 2D gel electrophoresis.
The choice of method will depend on the complexity of the sample and the abundance of the protein(s) of interest. For 1D gel electrophoresis:
i. Dilute proteins to the appropriate amount in reducing buffer.
ii. Heat the samples for 5 minutes at 95°C. Load the samples onto the gel.
12% T, 2.6% C, 1-mm-thick linear polyacrylamide gels are typically used.
iii. Separate the proteins at 200 V for 45 minutes.
For 2D minigel electrophoresis:
i. Add 1 mg of the protein sample to 150 µl of 2D gel rehydration solution.
ii. Apply the entire diluted protein sample to 7-cm ready-made IPG strips.
iii. Peel off the protective cover sheets from the IPG strips. Position them in the rehydration chamber such that the gel of the strip is in contact with the sample. vi. Increase the voltage linearly from 300 to 3500 V over a 10-minute period, followed by 1 additional hour at 3500 V.
vii. Equilibrate the strips for 12 minutes in the rehydration tray using 3 ml per groove of 2D equilibration solution. Discard the equilibration solution. Replace it with 3 ml per groove of sulfhydryl blocking solution. Incubate the strips for 5 minutes.
viii. After equilibration, cut the IPG gel strips to size.
ix. Overlay the second-dimension gels with overlay solution equilibrated to ~70°C.
x. Immediately load the IPG gel strips through the overlay solution.
xi. Run the gels at 200 V (constant) for 30 minutes at 12°C using a minigel electrophoresis system. iii. Prepare the proteins for the 2D separation by SDS-PAGE.
Equilibrate the strips for 12 minutes with 100 ml of 2D equilibration solution. Block all sulfhydryl groups for 5 minutes with 100 ml of sulfhydryl blocking solution.
iv. Cut the IPG gel strips to size so that they fit atop the SDS-PAGE gels. Remove 6 mm from the anodic end and 14 mm from the cathodic end. vi. Immediately apply the IPG gel strips to the tops of the SDS-PAGE gels.
vii. Electrophorese the gels at 40 mA/gel under constant current for 5 hours at 8°C-12°C using a large electrophoresis system.
Staining the Gel-Bound Proteins
10. Submerge the gel in Coomassie brilliant blue R250 (0.1% [w/v]) for 30 minutes.
11. Destain the gel in repeated washes of destain solution.
Double-Parallel Digestion of Proteins
12. Soak the gel in H 2 O for 5 minutes.
Repeat
Step 12 two more times.
14. Soak the gel in 50% acetonitrile for 20 minutes, followed by 10 minutes in 80% acetonitrile.
15. Air-dry the entire wet gel (or a selected piece) at room temperature.
16. Incubate the gel with Tris-buffered trypsin for 30 minutes at 35°C.
Use a volume of trypsin solution equal to 3-5 times the initial volume of the gel. This step both rehydrates the gel and begins protein digestion.
17. After 30 minutes of incubation, discard the trypsin solution.
18. Just prior to electroblotting the proteins, equilibrate the IAV trypsin membrane and the PVDF membrane (in separate containers) in transblotting buffer for 5 minutes.
19. Carry out the electrotransfer overnight (12-18 hr) at room temperature in a semidry apparatus by inserting a double layer of IAV-trypsin membrane between the gel and the PVDF membrane. 23. Spray the membrane surface with HCCA solution until it is completely wetted. Allow the membrane to air dry.
24. Attach a 4 x 4-cm 2 piece of PVDF membrane onto a modified MALDI sample plate with a very small amount of high-vacuum grease. Make sure that the grease does not penetrate the membrane.
25. Define absolute coordinates on the membrane, and establish a grid that represents positions where mass spectra will be acquired.
For a given experiment, the distance between distinct mass spectrum acquisitions should be defined as a constant ranging between 0.2 and 0.5 mm, the exact distance determined empirically.
26. Insert the MALDI plate into the mass spectrometer. Set the parameters for mass spectra acquisition, according to the manufacturer's instructions.
Protein Identification
27. Using the mass spectrometer's acquisition software, set the peak detection threshold to the value optimized for a set of calibrated spectra. Convert the positions on the MALDI sample plate to apparent molecular mass (M r ) and pI values.
28. Combine the PMF data from all of the spectra with calculated pI and M r , and also with user-defined interrogation criteria, such as peptide mass tolerance and chemical modifications. The combined data are sent automatically to SmartIdent (http://ch.expasy.org/tools/).
The process of identification takes into account weak expression of some proteins but also overlapping protein spots, thus the minimal number of matching peptides for the PMF search should be set as low as possible (i.e., three peptides) . Set the number of missed cleavages to 1.
Write peak-list and identification results into a text file.
Creation of Virtual Maps
30. Analyze and cluster the identified proteins according to the procedure described by Bienvenut et al. (2001) . 
